Several articles have been published during the past decade on competitive-chelation methods for estimating activities of free metal ions in soil solutions (Workman and Lindsay, 1990; Ma and Lindsay, 1990, 1993; El-Falaky et al., 1991). Each method utilizes a well-characterized ligand (e.g., ethylenediaminetetraacetic acid [EDT A]) that binds mostly with two ions: the free metal ion being estimated and a competing ion from a carbonate mineral. The carbonate mineral is selected to "fix" the activity of the competing ion.
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To complete the method, a constant amount of ligand, with varying mole fractions of the two ions, is added to each of a series of preequilibrated solutions that contain the soil of interest and the carbonate mineral providing the competing ion. After several days to a week of shaking, the equilibrium mole fraction for the two ions is determined graphically from a crossover point, as shown in Fig. 1 . The equilibrium mole fraction can then be used to compute the activity for the free metal ion being measured.
Two key implicit assumptions for these methods have not been discussed or tested. The first assumption is that the ligand used in the chelation method does not significantly change the solubility control for the free metal ion being estimated. The assumption should be tested to demonstrate that the estimated activity is not associated with an artifactual solubility control created by adding ligand to the soil solution. In my opinion, two types of artifacts are possible. The first is a new amorphous solubility control, which precipitates with weathering of soil minerals during the shaking period following ligand addition. The second is a modified solubility control, which results from ligand adsorption to the original solubility control. Since the ligand is selected to have high affinity for the free metal ion being estimated, it probably has high adsorptive affinity for the original solubility control as well. Norvell and Lindsay (1982) , in early work related to competitive chelation, showed that a significant amount of EDT A was adsorbed. Changes in solubility controls can result in large changes in free metal ion activities. The range associated with crystalline to related amorphous minerals can be several orders of magnitude.
The second assumption of the chelation methods is that the carbonate mineral providing the competing ion is at equilibrium with atmospheric CO 2 at a partial pressure of 0.0003 atm. Partial pressures of CCh in soil solution can vary by several orders of magnitude depending on the extent of microbial activity. Unless CC>2 levels are known and controlled, carbonates are poor selections for minerals to provide competing ions. If the assumptions discussed are not true, actual free metal ion activities may differ from those estimated by several to many orders of magnitude. Colorado State Univ. Ft. Collins, CO 80523 
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